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INTRODUCTION
Comparison of intron processing in a variety of lower eukaryotes and metazoa indicates 
that three sequence elements within each intron are necessary for their removal.
Mammalian intron processing occurs in two successive cleavage events. In the first, a 
relatively conserved nine nucleotide sequence containing a highly conserved GU dinucleotide 
at the 5’ intron-exon boundary is brought in contact with a highly conserved AG dinucleotide 
at the 3* intron-exon boundary that is preceded by a pyrimidine-rich nucleotide tract of 11- 
14 base pairs in length. H ie cleavage and ligation event which follows results in the formation 
of a lariat structure and a free 3' end on the upstream exon. In a second event, the free 3’ 
end is joined to the 5* end of the downstream exon and the lariat structure is released. Hie  
third sequence element involved in this mechanism is a conserved sequence (PyrTPuAPyr) 
located between 20 and 50 nucleotides upstream from the 3* splice site (1, 2, 3, 4).
These complex reactions are carried out by an RNA-protein complex, called the 
spliceosome, made up o f particles termed snRNPs (small nuclear ribonucleoprotein particles) 
containing the Ul, U2, U4, U5 and U6 small nuclear RNAs (snRNAs) and their associated 
proteins which have not yet been well characterized. In addition, there is evidence to support 
the need for other activation factors associated with particular snRNPs (i.e., U2 snRNP) (5). 
The U l snRNP interacts directly with the 5* splice site (6, 7, 8), and the U2 snRNP interacts 
with the conserved branch site within the intron (7, 9, 10). The U5 snRNP has been 
Implicated in recognition of the 3* splice site (11). In mammalian nuclei, the U4 and IJ6 
snRNAs present in a single particle (designated the U4/U6 snRNP) (12, 13) associates with the 
other snRNPs in active splicing complexes (10, 14, 15, 16). Yeast and plant nuclei contain 
base-paired U4/U6 snRNAs as well as a significant proportion of free U6 snRNA unassociated
2with U4 snRNA (17, 18).
Yeast introns differ from mammalian introns In that they possess an absolutely 
conserved sequence called the TACTAAC box which serves as the lariat branch point and is 
required for base pairing with 112 snRNA (19). In spite of these sequence differences, 
mammalian cells will remove yeast introns suggesting that, although the U2 snRNAs differ 
greatly in size (20), the splicing process is similar in yeast and mammalian nuclei.
In light of these sequence conservations, it would not be Illogical to expect then that 
intron processing in plant nuclei occurs by a related mechanism. In fact, although very few 
efforts have examined the nuclear components of plant intron processing, it has been shown 
that all plant introns contain the GU and AG dinudeotide elements at the 5* 3’ splice
junctions found in mammalian and yeast introns (21, 22, 23> 24, 25) However, plant introns 
have a high degree of sequence variability at the intron boundaries (23, 24, 25). Large 
differences, which have been found in the 3* splicing region, frequently include a replacement 
of the pyrimidine-rich region preceding the 3* terminal AG found in mammals with a purine- 
rich region (25). This relative purine or pyrimidine richness has been used to classify plant 
introns into those that contain features of the highly conserved S. cercvisae introns (purine- 
rich) and those that exhibit the sequence variabilities found in mammalian introns (25). The 
proportion of these introns varies considerably in monocots and dicots and suggests that 
different snRNA or snRNP recognition factors exist in these two types of plant nuclei (25). 
Further support for this theory is derived from the transfer of monocot plant genes into 
transgenic dicot plants (26). These experiments show that little or no mature mRNA is 
produced from the monocot genes when introns are present in the monocot gene construct. 
The low levels o f mRNA are due to inefficient pre-mRNA splicing rather than inefficient or 
improper expression of pre-mRNA transcripts (26). Close analysis of snRNA populations has 
shown that dlcot and monocot nuclei differ in the molecular weight and abundance of several
snRNAs (Pig. 1) (27) which suggests that different recognition factors may exist in these 
species. Although few plant snRNAs have been characterised, four of the snRNAs (U l, LJ2, U4, 
U$) involved in intron splicing contain methylated cap structures (2,2,7-trimethylguanosine) (27, 
28, 29, 30). Although the sequences for several dicot snRNAs have been elucidated (pea IJ1, 
U2, U4, U5 (28, 31), bean U l (32), broad bean U2, U3, U4, U6 (29, 30, 33, 34), soybean IJ1 
(35) and Arabidopsis U l, U2 (36, 37), only one type of monocot snRNA (wheat U2) has been 
partially characterised (38).
Throughout the studies that have been performed, it has become apparent that dlcot 
snRNAs are more heterogenous than their mammalian counterparts which have been shown 
to exist as unique species in most vertebrates (39). Monocot snRNAs are substantially more 
heterogeneous than those found in dicot nuclei (27).
The experiments presented in this thesis are aimed at cloning and characterising snRNAs 
from wheat nuclei and evaluating the sequence differences between monocot and dicot 
snRNAs. Sequences for the multiple species of snRNAs present in monocots are compared 
with the corresponding dicot snRNAs in order to gain a more thorough understanding of the 
multiple sequence variants and why dicot nuclei arc incapable of excising monocot introns.
METHODS
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Preparation o f Total and Nuclear Wheat RNA. Wheat nuclear RNA samples were 
obtained from 10-day-old etiolated wheat seedlings. ?or the nuclear RNA isolation, 220 g of 
wheat were rinsed in cold sterile water containing 0.5% dicthylpyrocarbonate. All remaining 
steps were carried out with sterile, chilled glassware at 4°C. The wheat was mixed with two 
volumes o f 2x buffer A (0.5 M sucrose, 50 mM NaCl, 20 mM MES (pH 6.0), 5 mM MgCI3, 0.3 
mM spermine, 0.27 mM spermidine trihydrochloride, 20 mM /9-mercaptoethanol, 0.4 mM PMSP)
4and blended for 30*60 seconds in a Waring blender. The homogenate was Altered through 
four layers of cheesecloth, and the filtrate was centrifuged at 2000x g in a H IM  rotor for 10 
minutes at 4°C. Bach pellet was washed with 20 ml of 1.3x buffer A and recentrifugcd at 
2000x g for 5 minutes at 4°C. The individual pellets were resuspended in 3 ml 20mM Tris 
(pH 8.0), 1 mM BDTA, combined into one tube, frozen in liquid nitrogen and stored at *70°C. 
The RNA was extracted by thawing the crude nuclear lysate on ice and adding one volume 
pheno!:chloroform (1:1), one-tenth volume of 1 M Tris-HCl (pH 8.0) and 0.5 g SDS (0.3% final 
concentration). The phenol extraction was incubated at 25°C for 10 minutes and centrifuged 
at 10,000x g in an I IB-4 rotor for 20 minutes at 10-15°C. The aqueous phase was removed, 
and one-tenth volume of 2M NaCI and two volumes of ethanol were added. RNA was then 
precipitated overnight at -20°C. The precipitated RNA was pelleted at 10,000x g in an H IM  
rotor for 15 minutes at 4°C. Ihe supernatant was removed, and two more ethanol 
precipitations were performed. The pellet was vacuum dried for 20 minutes and redissolved 
in two ml of 10 mM Tris-HCl (pH 8.0), 1 mM BDTA (TB buffer). The A**, and AIi0 were read 
against TK buffer to determine the concentration of nucleic acid and the level of contamination 
by protein.
Gel Electrophoresis. RNA samples were diluted by addition of one volume 10 M urea 
loading dye (0.1% xylene cyanol and 0.1% bromphenol blue) and denatured by boiling for one 
minute. The RNAs were then elcctrophoresed on denaturing 10% polyacrylamide, 8.3 M urea 
gels containing lx  TBB buffer (0.1 M Tris, 0.1 M H5B 0 5, 2 mM BDTA (pH 8.3)). 16-cm long, 
low-resolution gels were electrophorescd at 35 mA until the xylene cyanol tracking dye reached 
the bottom of the gel. Higher resolution, 35-cm long gels were electrophorescd at 45 mA until 
the xylene cyanol reached the bottom of the gel.
Northern Analysis. After electrophoresis, RNA gels were stained for 20 minutes with 
ethidium bromide in 25 mM sodium phosphate (pH 6.5) transfer buffer and photographed.
5The RNAs were blotted onto nitrocellulose transfer membranes for 16 hours at 200 mA 
(constant amperage) at 4°C in 25 mM sodium phosphate buffer (pH 6.5). RNA blots were 
crosslinked with ultraviolet light for 10 minutes and prehybridiztd for 1-2 hours at 25°C in 
6xSSC (0.9 M NaCI, 0.09 M sodium citrate (pH 7.0)), 5x Denhardt’s solution (0.1% Flcoll, 0.1% 
BSA, 0.1% polyvinylpyrrolidone), 0.2% SDS. The filter was hybridized at 25°C (low stringency) 
for 20 hours with 106 cpm of a 52P-kinased pea U2 oligonucleotide probe in prehybridization 
solution. After hybridization, the blot was washed three times for 30 minutes at 25°C in 6x 
SSC, 0.2% SDS and two times for 30 minutes at 25°C in 6x SSC The blots were 
autoradlographed for 12-16 hours at -70°C. The IJ2 oligonucleotide probe (5*- 
CAGATACTACACTTG.y) is complementary to nucleotides 28-42 of pea U2 snRNA. The U2 
oligonucleotide probe was prepared by D.B. Hgeland (University of Illinois), kinased with (*JP) 
gamma-ATP and T4 polynucleotide kinase and used directly for Northern analysis.
Immunopredpitation of Wheat snRNAs. Wheat snRNAs were immunopredpitated from 
the nuclear RNA preparations with anti-m,G antisera according to the method of Bringmann 
et aL (40) as modified by Krol g$ aL (27). Specifically, 0.5-1.5 mg of wheat nuclear RNA, 50 
/d of 2Ox PBS (pH 7.0), 150 gg  anti-m3G IgG were mixed, and the final volume was adjusted 
to one milliliter wh«i sterile water. The reaction was incubated at 4°C on a Nutator for 4-6 
hours. Then pre-swollen protein A Sepharose was added, and the reaction was allowed to 
incubate for an additional 4 hours. The immunopredpitated RNAs were washed five times with 
1 ml NET (pH 7.5), 0.05% Triton X-100 Mid recovered from the protein A Sepharosc by 
proteinase K treatment followed by a phenol extraction and two ethanol precipitations, 'Ihe 
anti nijG precipitated snRNAs were rcdissolved in 25 /d sterile water and stored at -20°C.
V-End Labeling. Two microliters of the immunopredpitated snRNAs were denatured 
by mixing with 2pl DMSO and boiling for one minute. The RNAs were then 3’-end labeled 
with (52P) cytidlne biphosphate (pCp) and T4 RNA ligase overnight at 4°C (27). The reaction
6was terminated by the addition of one-tenth volume NaCI and two volumes ethanol and 
precipitated on dry ice for one hour. The precipitated nucleic adds were centrifuged for 15 
minutes at room temperature in an Bppendorf centrifuge. The pellet was dried and 
resuspended in 10 /d sterile water. Two microlitcrs of a 1:20 dilution were spotted on each 
o f two Whatman DE81 Biters, and one was washed 3-5 times for 5-15 minutes with NaPO<, and 
both were counted directly in a Beckman Scintillation counter set on a tritium window. 
100,000 cpm of the pCp-Iabeled RNAs were then electrophoresed on a 10% denaturing, high- 
resolution gel as previously described alongside a sample of 3*-end labeled total nuclear RNA.
cPNA Synthesis. pCGN1703 was restriction digested with Sac I and T-tailed by 
incubation with dTTP and terminal dcoxynucleotidyltransferase (TdT) (BRL) at 37°C for 15 
minutes (41) The immunoprecipitated snRNAs were poly-(A)-taiIed by incubation with rATP 
and poly-(A) polymerase (BRL) for 10 minutes at 3TC. The poly-(A)-tailed snRNAs were 
ethanol precipitated and resuspended in 22 /d sterile water, 10 jd 5x Buffer Salts (250 mM 
Trts (pi I 8.0), 50 mM MgCI,, 12.5 mM MnCla, 1.25 M NaCi). The 32 M* sample of poly-(A)- 
tailed snRNAs was mixed with one microlitcr of the T-tailed pCGN1703 (1.5 M8) and 7.5 /d 
sterile water, mixed and incubated for two minutes at 65°C. Two microliters of RNAsin 
(Promega), 2.5 /d dNTP mix (10 mM dATP, dGTP and d'lTP, 2 mM dCTP), 2 /d alpha-(J2P) 
dATP and 2 jd AMV Reverse Transcriptase (Promega) were added o the snRNA-pCGN1703 
mixture and incubated for one hour at 37°C. The reaction was stopped by the addition of 5 
/d of 200 mM KDTA and extracted with 55 /d phenol, llie organic phase was back-extracted 
with 50 /d of TK buffer, and the two aqueous phases were combined into one tube and 
extracted with 100 jd chloroform. 100 /it of 4 M NH4OAc and 500 jd ethanol were added to 
the aqueous phase, and the mixture was incubated for two hours at room temperature. The 
DNA-RNA hybrid was pelleted, washed with 80% ethanol and reprecipitated with NH4OAc and 
ethanol. The pellet wa& dried and redissolvcd in 10 jd sterile water. The newly synthesized
7first strand of the cDNA was G-taJled by incubation with dGTP and TdT for 15 minutes at 37*C 
(41), and the reaction was stopped by the addition o f 30 /il TE buffer and extraction with 50 
/Lit phenolxhloroform (1:1). The G-tailed first-strand was ethanol precipitated two times from 
4 M NH4OAc as described previously, To the pellet, 41 >la1 sterile water, 5 /il of lOx Bam HI 
salts (60 mM Tris-HCI (pH 8.0), 60 mM MgCla, 1.5 M NaCI)and 2 /il (20 units) of Bam HI were 
added and incubated for 2 hours at 37°G. The reaction was stopped by extracting with 50 ul 
phenohchloroform (1:1), and the G-tailcd vector was ethanol precipitated from 4 M NH4OAc 
as described above. The pellet was rcdlsuotved in 10 /d TK buffer and incubated with 1 ;il of 
a 1:10 dilution of a 1 /ig//il Oam H!:CCC linker stock and 7.3 /il of 2x cyclization salts (20 mM 
Tris-HCI (pH 7.5), 2 mM KDTA, 200 mM NaCI) for 5 minutes at 65°C followed by incubation 
for one hour at 42°C, 90 /i 1 of ligation mixture (670 /il of sterile water, 100 /il of lOx T4 DNA 
Hgase salts (660 mM Tris-HCI (pH 7.6), 50 mM MgCla), 10 /il of 0.5 M DIT, 100 /il of 10 mM 
spermidine trihydrochloride and 20 /il of 50 mM dATP) were added, and the reaction was 
allowed to cool on ice briefly before the addition of 2 /il (1-3 units) of T4 DNA ligase was 
added and allowed to incubate 12-16 hours at 12-15°C. The cDNA was mixed with 2.5 mM 
dATP, dGTP, dCTP, dlTP, 2 /il of 50 mM ATP, 1 /il of T4 DNA ligase, 0.7 /il of RNAse H and 
0.7 /il of DNA polymerase I and incubated for one hour at 14°C followed by incubation for 
one hour at room temperature.
Bacterial Transformation, 200 /il competent TB-1 cells (thawed on ice) were mixed with 
100 /il of a 1:10 dilution o f the repaired cDNA mixture. Three other aliquots of cells were 
transformed with 100 /il 10 ng//il T-tailed pCGN1703, 100 /il 189 pg//i! pCGN1703 or no DNA 
as controls, These mixtures were incubated for 30 minutes in an ice-water bath, mixed and 
incubated for 5 minutes at 37°C. To each mixture, 3 7 ml of 2x L broth were added, and the 
cells were incubated for 100 minutes at 37°C with shaking. 200 /il aliquots of each celt 
reaction were plated on L-plates with 200 /ig/ml ampiciliin, and the cells were allowed to grow
8overnight at 37°C.
Mini preps. From the resulting colonies, 20 were picked onto master plates and 
miniprepped to check the size of the inserts. For this, 1.2 ml of YT broth was inoculated with 
a colony and incubated overnight at 37°C. The cells were then pelleted, resuspended in 200 
/til Tris-Sucrose solution (8% sucrose, 5% Tritons 50 mM EDTA, 50 mM Tris (pH 8.0)), mixed 
with 10 jut 10 mg/ml lysozyme and boiled for one minute. The chromosomal DNA was 
pelleted by centrifuging for 10 minutes in an Eppendorf centrifuge, and the supernatant was 
mixed with 5 /tri 10 mg/ml DNAse-free RNAse and allowed to incubate for 30 minutes at room 
temperature. The suspension was phenol extracted, ethanol precipitated twice, and the pellet 
was resuspended in 50 /il sterile water. 10 /d samples were then restriction digested with Pst 
I as follows. 10 /il of a Pst I pre-mix solution (10 /iI Pst I (10 U//liI), 40 /nl lOx REACT 2 buffer 
(URL) and 150 /il sterile water) were added to each of the samples and allowed to incubate 
for 2 hours at 37°C. The digesr i samples were run on 1.8% agarose gels and stained with 
ethidium bromide as described above.
Colony Hybridizations. Plates populated with transformed colonies were replica plated 
by placing a nitrocellulose filter on the plates and then incubating these filters on new plates 
(colony side up) overnight at 37°C. Replicas were then made from the replica filter in the 
same fashion. For colony hybridization, the colonies on one filter had to be lysed, the cellular 
debris (RNA and protein) removed, and the plasmid DNA denatured and immobilized. This 
was performed by soaking the filters, assembly-line fashion, in Pyrex dishes lined with Whatman 
3 filter paper soaked in four different solutions (41). The first tray was fitted with filter paper 
soaked in 10% SDS, the second with 0.5 N NaOH, 1.5 M NaCI, the third with 0.5 M Tria-HCl 
(pH 8.0), 1.5 M NaCI and the fourth with 2x SSC (0.3 M NaCI, 0.03 M sodium citrate (pH  
7.0)). The filters were incubated on the Whatman paper for 3-5 minutes (tray one), 5-15 
minutes (tray two), 5-15 minutes (tray three) and 3-5 minutes (tray four). The filters were
9allowed to air dry on Whatman 3 paper for one hour and baked at 65°C between two sheets 
of Whatman 3 paper for 20 minutes. The baked Alters were transferred to a Pyrex dish Ailed 
with 50 mM Tris-HCl (pH 8.0), 1 M NaCl, 1 mM EDTA, and 0.1% SDS and incubated, with 
shaking for 2 hours at 42°C. The Alters were prehybridized for 1-2 hours at 25°C in 6xSSC 
(0.9 M NaCl, 0.09 M sodium citrate (pH 7.0)), 5x Denhardt’s solution (0.1% Ficoil, 0.1% BSA, 
0.1% polyvinylpyrrolidone), 0.2% SDS. The Alter was hybridized at 25°C (low stringency) for 
20 hours with 106 cpm of a 52P-kinased pea IJ2 oligonucleotide probe in prehybridization 
solution. After hybridization, the Alters were washed three times for 30 minutes at 25°C in 
6x SSC, 0.2% SDS and two times for 30 minutes at 25°C in 6x SSC. The Alters were 
autoradiographed for 20-30 hours at -70°C.
Southern Analysis. Colonies which were indicated to have hybridized with the IJ2 
probe were minipreppcd, Pst 1-cut, run out on 1.8% agarose gels and photographed; and the 
DNA was transferred to Gene Screen nylon membranes. These Alters were pre-hybridized 
and hybridized as described previously for Northern analysis with the exception that probes 
for U l, U4 and U5 were also used and autoradiographed for 12-16 hours at -70°C. The U l 
probe used was complementary to nucleotides 1-18 of pea U l, the U4 probe was 
complementary to nucleotides 54-69 of pea U4 and the U5 probe used was complementary 
to nucleotides 35-47 of pea (Table 1). All of the oligonucleotide probes were prepared by 
D.B. Egeland (University of Illinois), kinased with (52P) gamma-ATP and T4 polynucleotide 
kinase and used directly for Southern analysis.
Sequence Determination of U2 snRNAs. Colonies which hybridized with the U2 
oligonucleotide probe were minipreppcd and the plasmids were sequenced directly. Double 
stranded plasmid sequencing was carried out according to the Sequenase (US Biochemical) 
manual (42).
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RESULTS AND DISCUSSION
A multitude o f small RNA species exist in plant nuclei. Because of this, the U l, U2, 
U4 and U5 snRNA species identified in this thesis were done by the use of the oligonucleotide 
probes shown in Table 1. These probes were used because they have been found to be 
complementary to regions of the snRNAs in a wide variety of organisms. The U l 
oligonucleotide is complementary to the first 10 nucleotides which are present in all 
characterized U l snRNAs (32, 35, 43, 44) and known to interact with the 5’ splice site (6, 7, 
8). The U2 oligonucleotide is complementary to nucleotides 28-42 of U2 snRNA, a region 
which is absolutely conserved in mammals, S. cercvisiae. broad bean and Arabldopsis (20, 34, 
37, 44). In vertebrates and plants, U5 snRNA is poorly conserved (28, 44), so the U5 
oligonucleotide probe was designed to complement four of the pea U5 snRNAs in hairpin- 
loop I which is the only region conserved between vertebrate and plant U5 snRNAs (28). The 
oligonucleotide probe used for U4 snRNA is complementary to a conserved region in S. 
cerevislae and vertebrates (44) and has been shown more recently to be complementary to 
15/16 nucleotides in the broad bean U4 snRNA (30, 33).
Preliminary studies gels of pea and wheat snRNAs on low-resolution gels hybridized with 
each probe indicate distinct differences between the pea and wheat snRNA populations, 
primarily in the patterns for the U l, U2 and U4 snRNAs (27). High-resolution gels show that 
the pea and wheat U l snRNAs can be separated into four species that are 160-167 nt. and 168- 
185 nt. respectively (Fig. 1) (27). Only one form of pea U4 snRNA (160 nt.) is resolved on 
these gels while wheat U4 snRNAs are diffused into such a broad band that it is difficult to 
define exactly how many different species actually exist (27). The U5 and U6 snRNAs appear 
to be of the same lengths in pea and wheat, 125-133 nt. and 101-104 nt. respectively (27).
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Both types of plant nuclei contain a single species of 1)6 snRNA of similar size (101-104 nt.) 
(27).
To determine if all of the multiple wheat snRNAs had the 2,2,7-trimethylguanosine 
(nijG) cap structure characteristic of small nuclear RNAs, the wheat nuclear RNAs were 
immunoprecipitated with anti-(m,G) antibody as described by Luhrmann £$ gi. (45). The 
immunopredpitated RNAs were evaluated by direct Northern analysis and by 3* end-labeling 
with (MP) pCp and T4 RNA ligase (Fig. 2) (46). The 3* end-labeling was performed to define 
the total population of immunoprecipitated snRNAs and to measure the selectivity of the 
reaction. The anti-m,G immunopredpitated RNAs Include all of the prominent 111,1)2,1)4 and 
U5 snRNA populations mentioned previously (27). It is interesting to note that U6 snRNA, 
which does not contain a trimethylguanosine cap (40) is also present in minor amounts 
presumably because of its base-paired association with U4 snRNA (12, 13). Northern analysis 
shows that quantitatively the U l, U2, and 1)4 snRNAs detected with the probes are 
immunoprecipitated with the anti-m}G antiserum (27).
The anti-m^G predpitated snRNAs were used directly for cDNA synthesis as outlined in 
Fig. 3, and the ligated cDNA mixture was used to transform competent TB-1 cells. This 
procedure resulted in 2.2 x 106 transformants/^g T-tailed pCGN1703, or 2.2 x 106 
transformants derived from the anti-cap irumunopredpitation of 1.0 mg wheat nuclear RNA. 
Twenty-one colonies were chosen at random and miniprepped to determine the number of 
transformants containing cloned snRNAs. Upon restriction digest with Pst I, inserts were found 
in 8 of the 21 transformants checked. Thus, the snRNA clone bank potentially contains 8.4 x 
105 independent wheat snRNA clones. Preliminary screening indicated that the insert sizes 
varied from 200 to 300 nucleotides and were comparable in size to U l, U4 and U5 snRNA 
clones present in a pea library (Fig. 5) (31). This verified that the wheat snRNAs had been 
successfully cloned into the pCGN1703 vector.
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In order to make efficient use of time and screen large numbers of recombinants, dense 
plates (400 colonies/plate) were hybridized and probed with the U2 oligonucleotide probe at 
low stringency. 'Ihis probe was chosen because U2 snRNA exhibits the greatest size 
heterogeneity on high-resolution gels. Bxaminadon of the autoradiographed filters indicated 
that 20 colonies/plate (5%) hybridized with the U2 oligonucleotide at low stringency (25°C, 
6x SSC) (Pig. 4). Positive colonies were transferred onto master plates and miniprepped. 
Restriction digests of these colonies with Pst I indicated inserts ranging in size from 220-330 
nt. in length (Pig. 5). In order to be certain that these were IJ2 snRNA clones, each 
recombinant plasmid was digested with Pst I, electrophoresed on a 1.8% agarose gel, blotted 
onto nitrocellulose and probed with the U2 oligonucleotide probe (Pig. 6). Pive of the 22 
colonies probed hybridized with the U2 oligonucleotide probe.
Colonies hybridizing well with the U2 oligonucleotide probe were miniprepped, and 
the double-stranded DNA was used directly for sequence analysis. In Pig. 7, the partial primary 
sequence for the wheat U2.1 snRNA is compared with the published sequences for broad bean 
U2 snRNA (34) and Arabidopsis U2 snRNA (37). As can be seen, there is substantial sequence 
homology between these species in the 5’ terminal half of the U2 snRNA. The main 
differences in the U2 snRNAs result from insertions in the wheat U2 snRNA at positions 7, 78 
and 86 and a deletion in the wheat U2 snRNA at positions 75 and 76 in the broadbean U2 
snRNA. in the first 99 bases, no other changes are seen between the wheat U2 snRNA and the 
broad bean U2 snRNA. This partial sequence analysis Indicates that the primary and secondary 
structures in these three U2 snRNAs are well conserved in the 5’ half of the molecule that is 
involved in base pairing with the lariat branch site.
These results provide the first insight into the structural differences between the dlcot 
and monocot U2 snRNAs. Construction of the snRNA clone bank and this preliminary analysis 
will be followed by further sequence analysis on additional snRNA clones. Ultimately, we seek
13
to determine the structural differences in the multiple species of snRNAs present in wheat (l.e., 
the 208 - 260 nt. species of U2 seen in Pig. 1, etc.) and compare the primary sequences of all 
the monocot snRNAs with the dicot snRNAs. This sequence analysis on all of the wheat snRNA 
clones present in this library will ultimately indicate if all of the length heterogeneities seen 
in the monocot U2 snRNAs result from insertions/deletions in the 3’ terminal half of the 
molecule.
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FIGURES
Fig. 1. High resolution analysis of pea and wheat snRNAs. Pea and wheat nuclear RNAs 
were electrophoresed on 35-cm 10% acryamide, 8.3 M urea denaturing gels. The resulting 
Northern blot was sequentially hybridized with the wP-labeled oligonucleotides shown in Table 
1. The hybridization probe used is designated at die top left of each autoradiograph. 
Apparent molecular weights are shown at the right and left of each autoradiograph. In each 
panel: lane 1, 7.8 /jg pea nuclear RNA; lane 2, 8.2 /ig wheat nuclear RNA; lane 3, (J2P) end- 
labeled 5S rRNA and tRNA standards or (WP) end-labeled, denatured pBR322 DNA. 'Ihe Erst 
U2 panel, which Is a prolonged exposure of the second panel, reveals several small degraded 
RNAs crossreacting with the U2 oligonucleotide. Photo courtesy of D. B. Egeland £t gL (27)
Fig. 2. Anti-msG immunopredpitation of wheat snRNAs. Wheat snRNAs were 
immunopredpitated with anti-m5G antibody as described by Luhrmann gj. (44). The 
immunoreactive RNAs were 3* end-labeled using (MP) pCp and T4 RNA ligase (46), 
electrophoresed on high-resolution denaturing gels and autoradiographed. Lane 1, (MP) end- 
labeled, denatured pBR322 DNA standard; lane 2, 3.3 x 104 cpm end-labeled total nuclear RNA; 
lane 3, 6.9 x 104 cpm end-labeled antt-m,G immunopredpitated nuclear RNA. (A) 5 hour 
exposure, (B ) 14 hour exposure. Photo courtesy of D. B. Egeland &  &L (27).
Fig. 3. Schematic diagram of the vector primed cDNA cloning strategy.
Fig. 4. Colony Hybridization with U2 oligonudeotide probe. Filter lifts were prepared 
from plates containing 400 colonies/plate as discussed in Methods. Filters were hybridized 
with the U2 oligonudeotide probe in 6x SSC, lx  Denhardt’s solution at 25°C and
18
autoradiographed for 6 hours at -70°C. Colonies hybridizing well with the U2 probe are 
indicated by dark spots on the autoradiograph. Six of the positively hybridizing regions were 
picked for further analysis.
Fig. 5. Analysis of insert sizes in snRNA ek e bank. Recombinant plasmids containing 
cloned snRNAs were restriction cut with Pst I, electrophoresed on 1.8% agarose gels and 
stained with ethidium bromide. Lane 1, Hinf I-cut pBR322 DNA standard; lane 2, Pst 1-cut pea 
Ul . l  clone; lane 3> Pst I-cut pea U4.1 clone; lane 4, Pst I-cut pea U5.3 clone; lanes 5 - 15 Pst 
I-cut recombinant DNAs as marked; lane 16, Hinf I-cut pBR322 DNA sized standard. The 
cloned snRNAs were provided by B. A. Hanley (University of Illinois).
Fig. 6. Southern analysis of positive U2 snRNA clones. Colonies showing hybridization 
with the U2 probe in the colony hybridization were picked, mlniprepped, Pst I cut and run 
on 1.8% agarose gels (Fig. 6b). The gels were Southern blotted, probed with the U2 
oligonucleotide probe at 25°C, 6x SSC and autoradiographed for 72 hours at -70°C (Fig. 6a).
Fig. 7. Primary sequence comparisons o f wheat, broad bean and Arabidopsls U2 snRNAs. 
Deletions are indicated with a (•). The wheat U2 sequence is taken from this paper, broad 
bean U2 snRNA from Kiss £l al., 1987b (34), and Arabldopsis U2 snRNA sequence from Vankan 
and Filipowicz, 1988 (37).
Table 1. Oligodeoxyribonucleotide probes. On the right are the oligonucleotide 
sequences that are complementary to the specific snRNA shown at the left. The positions of 
the complementary nucleotides in each snRNA are designated in the second column. The 
length of each oligonucleotide is shown in the third column. The snRNA sequences needed
19
for this compilation were derived from a composite o f sequences for: U l, U4 (44); U2 (34, 
37, 44); U5 (28).
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Table 1. Oligodeoxynucleotide probes.
oligonucleotide
complementary
nucleotides
U1“3'Apea 135-152
U^pea 28- 42
'^pea 54- 69
U5pea
t*-!inm
U6yeast 38- 51
length oilgo sequence
18 5 '  - G C G C G A A C G C A l j i c C C C C -  3
15 5 1- C A G A T A C T A C A C T T G - 3 '
16 5 '  T T T C A A C C A G C A A T A G - 3 1
13 5 ' - T A G T A A A A G G C G A - 3 '
14 5 '  T C f T C T C T G T A T T G -  3 '
